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Highlights
•	 The	productivity	of	 the	narrower	modified	device	was	significantly	better	 than	 the	wider	
original device.
•	 Work	quality	did	not	differ	significantly	between	devices	when	stand	characteristics,	regen-
eration success and pre-existing damage were taken into account.
•	 Results	indicate	that	mechanical	uprooting	devices	may	be	further	developed	to	a	cost-effective	
alternative to motor-manual techniques for the early cleaning of direct seeded commercial 
Scots pine stands.
Abstract
Commercial forests require early cleaning to ensure the unhindered and uniform growth of crop 
trees.	In	order	to	be	cost	effective,	non-crop	vegetation	should	be	uprooted	to	prevent	their	recov-
ery.	Performing	this	work	manually	is	a	labour-intensive	task	but	it	can	be	done	mechanically.	We	
evaluated	the	efficiency	of	two	uprooting	devices	in	direct	seeded	Scots	pine	(Pinus sylvestris L.) 
stands ca. 1 m tall. Productivity and quality of the uprooting work was investigated across eight 
stands	and	ca.	160	sample	plots	in	northern	Karelia,	eastern	Finland.	Time	consumption	of	the	







to motor-manual techniques for the early cleaning of direct seeded commercial Scots pine stands.
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growing	 broadleaved	 trees	 by	 removing	 competing	 seedlings,	 especially	 broadleaves	 (Hyvän	
metsänhoidon…	2014).	Young	stand	management	techniques	and	the	timing	of	their	application	




treatment incorporating early cleaning and pre-commercial thinning.




















tall stands in naturally regenerated and direct seeded Scots pine seedling stands in southern Sweden. 
Results	suggested	that	earlier	thinning	increased	the	thickness	of	the	thickest	braches	in	stands	with	





seeded Scots pine seedling stands in northern Sweden.
Density	of	Scots	pine	seedling	stand	affects	diameter	growth,	natural	pruning	and	branch	
mortality. According to studies concerning the quality and development of direct seeded Scots 
pine	seedling	stands,	seedling	density	should	be	3000–4000	seedlings	ha–1 to ensure a crop of high 
quality	timber	(Persson	1977;	Varmola	1996).	Hynynen	et	al.	(2005)	evaluated	the	performance	
of a Scots pine seedling stand at a density of 3000–4000 seedlings ha–1 from early cleaning to the 
harvesting of energy wood when trees were ca. 10 m tall. Stand management regimes that aim 
to	improve	timber	quality	recommend	a	seedling	density	after	regeneration	of	4000–5000	direct-
seeded pine seedlings ha–1,	and	after	early	cleaning	the	same	density	for	both	pines	and	broadleaves	
together	(Äijälä	et	al.	2014).
























0.14–0.16 ha of spruce seedling stand per productive work hour (PWh15,	 all	 delays	max.	 15	
minutes	included),	i.e.,	6.3–7.4	h	ha–1	(Rantala	and	Kautto	2011;	Hallongren	and	Rantala	2013),	
which	is	similar	to	the	speed	of	manual	cleaning.	Therefore,	the	competitiveness	of	uprooting	is	
greatly dependent on how well the treatment prevents the need for later pre-commercial thinning. 
In	a	wider	context,	uprooting	devices	attached	to	harvesters	and	possibly	also	to	forwarders	in	




and the average uprooting cost ca. USD 400–600 ha–1,	depending	on,	for	example,	 the	hourly	
machine	utilization	costs.	With	measured	minimum	time	consumption,	uprooting	costs	were	ca.	








accurate assessment of e.g. customer’s wishes and stand required; (2) development of an action 
plan	i.e.,	worksite	selection	and	timing	with	the	correct	device	and	within	budget;	and	(3)	how	well	
they	perform	the	uprooting	work,	e.g.	motivation	and	skills	(Lillrank	2003).	This	may	be	controlled	
with using the same operator in work studies. Routine processes such as uprooting require the 
assessment	of	input	information	and	rely	on	tacit	knowledge	(Nonaka	and	Takeuchi	1995),	and	
learning	within	a	routine	process	can	be	seen	as	the	development	of	more	fine-grain	assessment	



















cleaned during midsummer when the leaves were at their maximum size and they all located within 
100	km	radius	in	northern	Karelia,	eastern	Finland	(62–63°N,	30°E).	With	respect	to	soil	prepara-
tion,	two	of	the	sites	were	patched	while	six	had	received	disc	trenching.	Seedlings	were	ca.	6–7	
years old when the uprooting treatment was applied. Inventories were made in eight direct seeded 
Scots	pine	seedling	stands	(A–H	in	Table	1)	before	and	after	cleaning	operations,	during	the	same	
season	when	uprooting	was	applied;	stands	A–D	in	2012	and	E–H	in	2013.











and	disease	symptoms	(e.g.,	pine	twisting	rust,	caused	by	M. pinitorqua or Scleroderris canker 
caused	by	Gremmeniella abietina Morelet	and	resin	top	disease	caused	by	Cronartium flaccidum 
Wint. or Peridermium pini Lev.) were evaluated and recorded prior to uprooting. The success of 
regeneration activity was measured in each sample plot in terms of target seedling densities; if 
target	density	was	reached	regeneration	result	was	successful,	otherwise	not.	The	operator	was	
unaware of sample plot locations.
A	 skilled	 operator	 with	 several	 years	 of	 uprooting	 experience	 used	 two	 different	 base	
machines,	a	medium-sized	harvester	Valmet	901.2	in	2012	and	a	Valmet	911.3	in	2013.	Valmet	
901.2	weight	14	820	kg,	its	engine	has	6.6	l	stroke	volume,	power	of	125	kW	at	2200	rpm	and	








































































































































































































































































































































































































































































































































































































































and cleans ca. 2.5 m2	per	cycle	as	shown	in	Fig.	1,	and	the	size	of	narrower	P25_v2	is	105	cm	×	
205	cm.	Productive	work	time	(PWh,	with	all	delays	excluded)	spent	uprooting	was	recorded	by	




and use of the uprooter on each stand.
In all eight stands the target density was 3000–4000 seedlings ha–1,	of	which	1500	should	
be	individually	grown	high-quality	Scots	pine	seedlings.	The	remaining	1500–2500	seedlings	may	
consist	of	broadleaves	or	Scots	pine	seedlings	growing	in	pairs	or	groups	of	three	or	more	seedlings.	
These pairs or groups of seedlings are named “processing units” since they form separate units 
that	will	be	handled	as	one	in	next	silvicultural	operation,	mainly	energy	wood	harvesting	(first	
commercial harvesting). The operator received clear instructions with respect to target densities 









Fig. 1. Uprooting device P25_v1 (Photo: Ville Kankaanhuhta).





was also evaluated from individually grown Scots pine seedlings after uprooting.
The evaluated work quality indicators were (1) whether the set target density of 3000–4000 
seedlings in terms of processing units ha–1 was reached; (2) 1500 well-spaced and high quality 
pine seedlings ha–1	remaining	after	uprooting;	and	(3)	the	number	of	broadleaves	remaining	in	the	
stand	after	uprooting.	Pine	seedlings	were	considered	to	be	growing	individually	i.e.	well-spaced	




The productivity of each uprooting device was analyzed through a linear regression model 
that	 applied	 the	 restricted	maximum	 likelihood	 (REML)	 estimation	method	 in	 PASW	 Statis-
tics	17.0.	The	linear	regression	model	was	used	to	examine	how	uprooter,	stand	attributes	and	
worksite	 difficulty	 factors	 (i.e.,	 surface	 obstacles,	 inclination)	 affect	 time	 consumption	 (PWh	
ha–1)	 of	 uprooting.	 Stand	 attributes	 and	 worksite	 difficulty	 factors	 were	 evaluated	 through	 a	
stepwise	elimination	and	the	final	model	included	only	those	variables	with	statistically	signifi-
cant (p = <0.05) effects.







β ε= + +n x u’ , (1)ji ji j ji
where n	is	either	number	of	individually	grown	Scots	pine	seedlings,	processing	units	or	broad-
leaves,	x’	is	a	vector	of	fixed	predictors,	and	β	is	a	vector	of	fixed	parameters.	The	subscript	j refers 





had	to	be	logical	and	statistically	significant	(p < 0.05). Device was always included since it was 
of interest to evaluate its effect on work quality.





stand	level.	According	to	these	checks,	the	number	of	broadleaves	(nbr) per sample plot was required 
logarithmic	transformation,	i.e.,	ln(nbr + 1).









3.2 Quality of uprooting operation
The	quality	of	sown	Scots	pine	stands	was	evaluated	in	terms	of	the	number	of	individually	grown	
Scots	pine	seedlings,	processing	units,	and	the	number	of	broadleaves.	The	measured	mean	number	
of individually grown Scots pine seedlings ha–1	after	uprooting	was	1585	seedlings	ha–1	(SD	965),	
the	number	of	processing	units	2786	ha–1	 (SD	1340)	and	 the	number	of	broadleaves	509	ha–1 
(SD	745).	Using	a	multiplier	of	1.5,	 the	calculated	number	of	Scots	pine	seedlings	 in	pairs	or	
groups corresponds to a total density of 3132 seedlings ha–1,	(i.e.,	within	tolerance	of	the	target)	
and	an	average	of	1585	individually	grown	Scots	pine	seedlings	ha–1,	which	departs	only	5.7%	
from the target density. The extent to which target density was met was highly dependent on the 
level	of	stand	regeneration.	In	18.2%	of	sample	plots,	target	density	could	not	be	met	due	to	poor	







Variable B Standard error t-value p-value
Constant 9.115 0.725 12.57 <0.001
[Uprooter = P25_v2] –2.125 0.459 –4.64 <0.005
R²=	0.78;	R²	(adj.)	=	0.75   
Table 2. Uprooter productivity (PWh ha–1) in terms of time consumption.
Time consumption (PWh ha–1)
Uprooter N Min. Mean Max. SD
P25_v1 4 6.0 7.0 7.8 0.8
P25_v2 4 4.5 4.9 5.4 0.4
Combined 8 4.5 5.9 7.8 1.3
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The effect of device selection on work quality was evaluated through a multilevel multi-
variate model in which stand was treated as a random effect and regeneration success and natural 
seedling	damages	(i.e.,	herbivore	or	pathogen)	were	treated	as	fixed	effects	(Table	4).	In	this	model,	














seedlings may have made the plot easier to clean.
The multivariate multilevel model of the uprooting work provides an opportunity to study 
the correlatedness of the quality indicators at the stand and sample-plot levels. This approach yields 








number	of	individually	grown	Scots	pine	seedlings	(n1),	processing	units	(n2),	and	broadleaves	(n3) on 20 m2 sample 
plots.
   Sub-model	for    






















































*	significant at	0.05,	***significant	at	0.001	level.	ns	=	non-significant at 0.05 level.
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Full model Empty model Influence	of	
fixed	effects	 
(%)
Response Variance  
estimate




n1 0.2406 0.1854 8.6 0.5720 0.3651 15.5 58
n2 0.0175 0.1358 0.4 0.5072 0.4218 7.3 97
ln(n3+1) 0.0222 0.0192 6.6 0.0223 0.0193 6.5 0.4
Sample plot level
n1 2.5641 0.2951 -- 3.1265 0.3598 -- 18
n2 4.9040 0.5821 -- 6.4720 0.7675 -- 24
ln(n3+1) 0.3167 0.0365 -- 0.3204 0.0369 -- 1
Note:	Full	models	are	presented	in	Table	4.	Empty	models	refer	to	sub-models	estimated	without	fixed	predictors.	ICC	refers	to	Intra	
Class Correlation.
Table 5. Covariances of the random effects at the sample plot level (lower triangle) and random 
stand	 level	 errors	 (upper	 triangle)	 for	 the	 number	 of	 individually	 grown	 Scots	 pine	 seedlings	
(n1),	processing	units	(n2)	and	broadleaves	(n3).	Standard	errors	and	significances	are	shown	in	
parentheses.
Response	variable n1 n2 ln(n3+1)
 n1 – 0.1819 –0.0314
  (0.1507	ns) (0.044 ns)
n2 2.0482 – –0.0317
 (0.3378	***)  (0.0361 ns)
ln(n3+1) –0.0761 0.7188 –
 (0.0736	ns) (0.1187	***)  
***	significant	at	0.001	level,	ns	=	non-significant	at	0.05	level.
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4 Discussion and conclusions
Uprooting is a promising technique for pre-commercial thinning. In the context of direct seeded 
commercial	Scots	pine	stands,	the	importance	of	an	appropriate	uprooting	device	was	studied	in	





direct seeded Scots pine seedling stand. Explanations for the improved productivity may involve 
differences in handling and precision. The narrower device performed uprooting faster and more 




on average 1400 rpm while uprooting.






USD	608	ha–1 in spruce seedling stand. When applying the same cost calculation factors and 
operating	costs	assuming	that	latest	version	(P25_v2)	has	same	purchase	price,	the	average	cost	for	
P25_v1 in pine seedling stand was USD 566 ha–1	and	P25_v2	USD	396	ha–1.	As	such,	uprooting	
can	be	considered	a	viable	technique	for	cleaning	also	in	direct	seeded	Scots	pine	seedling	stands.	
The	costs	of	uprooting	are	substantially	higher	compared	to	motor-manual	work	but	cost-efficiency	
can reach the level of motor-manual work if no later pre-commercial thinning is needed. If applied 
in	both	spruce	and	Scots	pine	seedling	stands,	machine	contractors	can	operate	more	locally	with	
less relocation costs which can improve their competitiveness.
Early	cleaning	with	uprooting	was	done	quite	intensively	at	a	relatively	early	stage,	select-
ing the most high-quality Scots pine seedlings at a young age. In order to achieve a target density 






reduced to 1100–1300 trees ha–1	(Äijälä	et	al.	2014).	Therefore,	the	number	of	processing	units	
and individually growing Scots pine seedlings are the most informative indices when evaluating 
the quality of uprooting in direct seeded Scots pine seedling stand.
The	proportion	of	broadleaves	compared	to	the	aim	of	achieve	the	target	density	is	an	impor-
tant factor affecting the quality of an uprooting operation. Almost all sample plots that failed to 
meet	the	target	density	had	a	significant	proportion	of	(i.e.,	40–100%)	of	broadleaves	and	fewer	

















higher share of damaged pine seedlings. Research focusing on operators’ decision making would 
offer interesting research topic in future.
Properly	 planned	 and	 controlled	 routine	 processes	 of	 uprooting	 offer	 the	 best	 possible	
outcome	in	 terms	of	work	quality.	The	objective	 is	 to	standardize	uprooting	activity	 to	ensure	
that work quality remains high across a diversity of forest landscapes. Performing the work at the 
right	time,	in	a	suitable	location	with	the	correct	device	in	the	hands	of	an	experienced,	skilled	and	
motivated operator with clear instructions and quality control are the necessary elements of high 
quality	work.	Poor	choices	lead	to	low	quality	and	expensive	costs,	even	though	the	work	itself	
would	be	implemented	in	a	proper	manner.











reactions of Scots pine seedlings to early cleaning performed in a certain age to a certain density 
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